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AćĘęėĆĈę

The knee is a crucial joint, as it performs various functions such as stand-
ing, walking, running, sitting etc. Tibial plateau fractures constitute 1% of
overall fractures and 8% of fractures occurring in the geriatric age group.
Knee injuries must be properly and adequately treated to keep the knee in
a good functional state. The transition to a fast-paced lifestyle on account of
rapid industrialization, urbanization and mechanization has led to a signiϐi-
cant increase in the traumatic incidences - especially polytrauma, comminuted
Fractures and soft tissue injury. High-speed injury acquired in vehicular acci-
dents and a rise in road trafϐic injuries together creates a forever increasing
issue. The static lower extremity can be encountered by an object in motion,
frequent in roadside injury, resulting in the infamous ”Bumper Fracture”. Open
Reduction with Internal Fixation (ORIF) is currently recommended. Hence, a
study has been conducted to learn the mode of injury, fracture pattern, out-
come of open reduction and internal ϐixation, complications encountered and
associated injuries. 50 Patients were studied prospectively and pre and post-
operative evaluation were done using modiϐied Rasmussen clinical and radi-
ological criteria and Womac knee score. Open reduction and internal ϐixation
provide reasonable outcome with regards to functional and radiological out-
come in younger patients and type I and II fractures.
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INTRODUCTION

The knee joint encompasses the lower end of the
femur, upper end tibia & patella. (Putz and Pabst,
2000; Standring, 2008) The transition to a fast-
paced lifestyle on account of rapid industrialization,

urbanization and mechanization has led to a signif-
icant increase in the traumatic incidences - espe-
cially polytrauma, comminuted Fractures and soft
tissue injury. One such is the fracture of the tib-
ial plateau. (Whittle, 1998; Yu et al., 2009) Tib-
ial plateau fractures constitute 1% of overall frac-
tures and 8% of fractures occurring in the geri-
atric age group. (Langford et al., 2006; Barei et al.,
2008; Manikandan and Saravanakumar, 2019) One
of the most common intraarticular fractures is that
of the proximal tibial plateau. (Manikandan and Sar-
avanakumar, 2019; Hohl, 1991) They occur as a
result of either indirect trauma that causes a coro-
nary fracture or direct trauma that causes axial
compressive patterns. They occur as a result of
either indirect trauma that causes a coronary frac-
ture or direct trauma that causes axial compressive
patterns. The patterns of fractures are very com-
plex and may involve medial, lateral or both tibial
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plateaus. The amount of energy involved during
injury determines the intensity of the fracture of the
tibial plateau. All fractures have differentmorpholo-
gies and require individual attention. The optimal
treatment of fractures of the plateau has long been a
topic of debate. Theyweremanaged using both non-
operative and operative methods. Knee stiffness,
mal-union, non-union can complicate conservative
treatment at any age. (Koval and Helfet, 1995) Open
reduction and internal ϐixation have been imple-
mented using numerous implants including but-
tress plate, cancellous screw, external ϐixator etc.,
to gain good fracture union and optimal joint func-
tion. (Koval and Helfet, 1995; Manikandan and Sar-
avanakumar, 2019) In tibial plateau fractures, treat-
ment goals are anatomical reduction of the articu-
lar surface, restoration of axial alignment, and sta-
ble ϐixation to prevent the fracture fragments from
being secondarily displaced. This can be achieved
verywellwith theuse of open reduction and internal
ϐixation (ORIF), using aplate and screws throughdif-
ferent approaches. (Koval and Helfet, 1995; Lavini
et al., 2012; Honkonen, 1994) The primary objec-
tive of this study is to review the outcome of tibial
plateau fracture surgical management in terms of
clinical and radiological evaluation using modiϐied
Rasmussen criteria (Biyani et al., 1995; Roerdink
et al., 2001) and functional evaluationusingWOMAC
score (Dattani et al., 2013; Roos et al., 1999) at 0, 1,
3 & 6 months.

Patient and Methods

From May 2018 to April 2020, 50 consecutive adult
patients with tibial plateau were enrolled. Pre
and post-operatively, complete Physical examina-
tion of tibial fractures, Clinical & Radiological eval-
uation specially by using Modiϐied Rasmussen cri-
teria, (Biyani et al., 1995; Roerdink et al., 2001;
Dattani et al., 2013) functional evaluation by using
WesternOntarioAndMcmasterOsteoarthritis Index
(WOMAC) scoring. (Dattani et al., 2013; Roos et al.,
1999) All tibial plateau fractures classiϐied by using
Joseph Schatzker’s classiϐication. Plain radiographs
was included anterior-posterior, lateral views. CT
scan was used to better demonstrate the extent
of plateau depression and comminution than plain
radiographs, and which was very helpful in surgical
planning.

At the time of followup, clinical features like a sur-
gical scar, range of movements, presence of pain,
instability were observed and documented. Various
radiological features like callus formation or heal-
ing, maintenance of fracture reduction, widening
and depression of articular surfaces, varus and val-
gus collapse, signs of secondary osteoarthritis was

observed and documented. Follow up was taken
at 1 month, 3 months & 6 month interval. After
discharge, all patients were followed-up regularly
in the orthopedic clinic for clinical and radiological
assessment. At the ϐinal followup at 6 months, all
radiographs were reviewed by the senior orthope-
dic surgeonof theunit for anydegree of joint depres-
sion, loss of alignment and the presence of OA. Radi-
ological features of OA included the presence of joint
space narrowing, articular margin osteophytes, as
well as subchondral cysts and sclerosis. Union of
at least 3 cortices in AP and Lateral views on fol-
lowup radiographs was recorded and noted. Any
articular step off of 2mmwould be deϐined asMalre-
duction. Functional and radiological criteria already
mentioned was assessed and evaluated. Data ana-
lyzed by using SPSS software version 26.0. Statisti-
cal tools used were percentages, mean, Proportion,
standarddeviation, Chi squareTest&Student paired
t test and Statistical tests of signiϐicance.

RESULTS

It was observed that out of total 50 patients partic-
ipated in the study maximum i.e.17 (34%) were in
the age group of 41-50 years, followed by 11 (22%)
in the age group of 31-40 years, 10 (20%) in the age
group of 21-30 years, seven (14%) in the age group
of 51-60 years, four (8%) in the age group of 61-70
years and one (2%) in the age group of >70 years.
There were 42 (84%) were male and eight (16%)
were female patient. Figure 1 illustrates age wise
distribution of patients.

Figure 1: AgeWise Distribution of Patients

Figure 2 illustrates the gender demographics of the
study population.

In study 18 (36%) were having Schatzker type
V fracture followed by 12 (24%) were having
Schatzker type VI fracture, nine (18%) were hav-
ing type II, six (12%) were having type I, three
(6%) were having type IV fracture and two (4%)
were having type II fracture. Overall, type II &
type V Schatzker fracture account for 54% of the
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total injured patients. Amongst these participants
17 (34%) were treated with lateral plate, four (8%)
participants treated with medial plate & 29 (58%)
were treated with medial plate + lateral plate + CC
screw. 11 (22%) underwent bone grafting, while 39
(78%) participants were without bone grafting.

Figure 2: Gender Demographics of the study
Population

Figure 3 Illustrates the Schatzker type of fracture
distribution.

Figure 3: Schatzker type of fracture distribution

Clinical analysis of score during preoperative and
post-operative statewas poor&difference observed
was not statistically signiϐicant. However, clinical
analysis score was good in 6 study participant, fair
in 32 study participant & poor in 12 study par-
ticipants during 1month follow up visit. Clinical
analysis score was excellent in 4 study participants,
good in 35 and fair in 11 study participants dur-
ing 3 month follow up visit. 6 month follow up
visit revealed excellent clinical analysis score in 18
patients, good in28patients and fair in 11 studypar-
ticipants. Overall there was improvement in clinical
analysis score during 1month to 6months follow up
visit and the improvement was statistically signiϐi-
cant. Table 1 illustrates the clinical score analysis.

Radiological analysis of score was good in 12 study
participants, fair in 22 study participants, & poor in
12 study participant during the preoperative period.
Radiological analysis scorewas excellent in 47 study
participants, good in 2 and fair in 1 study partici-
pants during post operative period with chi square
value 89.06 & p value 0.000, which was statistically
signiϐicant. Radiological analysis score was excel-
lent in 47 study participant, good in 2 & fair in 1
study participant during 1 month follow up visit
with chi square value 89.06 & p value 0.000, which
was statistically signiϐicant. Radiological analysis
score was excellent in 47 study participants, good
in 2 and fair in 1 study participants during 3 month
follow up visit with chi square value 89.06 & p value
0.000, which was statistically signiϐicant. 6 month
follow up visit revealed excellent radiological anal-
ysis score in 46 study participant, good in 3 study
participants, and fair in 1 study participants with
chi square value 79.07 & p value 0.000 which was
statistically signiϐicant. Overall there was improve-
ment in radiological analysis score from 1 month to
6 months follow up visit and the improvement was
statistically signiϐicant. Table 2 illustrates the radio-
logical analysis.

It was observed that out of 50 study participants
two (4%) were having implant failure, nine (18%)
were reported knee stiffness, three (6%) each
reported screw impingement & surgical site mac-
eration, two (4%) participants each reported varus
drift & wound dehiscence & 29 (58%) study partic-
ipants were without any post-operative complica-
tions. Table 3 illustrates a complication analysis.

One of the clinical cases with its preoperative and
post-operative x ray images and followup X-rays at
1,3 and 6 months is illustrated in Figure 4.

DISCUSSION

Tibial plateau fractures are important fractures in
the lower limb. They can be gruelling to manage
and pose a considerable challenge to the operat-
ing surgeon. Though Schatzker is a simple working
classiϐication, Three column classiϐication has been
recently used to enhance the accuracy of planning
the treatment.

It was observed that out of 50 patients participated
in study 42(84%) were male and eight (16%) were
female patient. More involvement of males may due
to majority of the male population are working and
therefore were more prone to roadside accidents
while the females in India are mainly engaged in
household work, so they are less exposed to vehic-
ular trauma.
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Table 1: Clinical Score Analysis
Clinical analysis

Score
preoperative Postoperative 1 month

Follwup
3 month
Follwup

6 month
Follwup

Excellent 0 0 0 4 18
Good 0 0 6 35 28
Fair 0 0 32 11 4
Poor 50 50 12 0 0

Chi square test - NA 61.29 100 100
P value - - 0.000 0.000 0.000

Signiϐicance - Not Signiϐicant Signiϐicant Signiϐicant Signiϐicant

Table 2: Radiological Analysis
Radiological Preoperative postoperative 1 month

Followup
3 month
Followup

6 month
Followup

Excellent 0 47 47 47 46
Good 16 2 2 2 3
Fair 22 1 1 1 1
Poor 12 0 0 0 0

Chi square test - 89.06 89.06 89.06 79.07
P value - 0.000 0.000 0.000 0.000

Signiϐicance - Signiϐicant Signiϐicant Signiϐicant Signiϐicant

Table 3: Complication Analysis
Complications No of patients %

Implant failure 2 4
Knee stiffness 9 18

Screw impingement 3 6
Surgical site maceration 3 6

Varus drift 2 4
Wound dehisence 2 4

None 29 58
Grand Total 50 100

A study conducted by the Haq et al. (2017) observed
that out of 92 participants, 77(84%) were males
and 15(16%) were females. A study conducted
by the Kehribar and Karapinar (2019) observed
that 29(87.9%) were males and three (12.1%) were
females. A study conducted by the Swarup et al.
(2016) observed that out of 60 study participant,
78% were males & 22% were females. A study
conducted by the Jakinapally et al. (2018) observed
that out of 20 study participants, 15 (75%) were
males and ϐive (25%) were females. A study
conducted by the Manikandan and Saravanakumar
(2019) observed that study participants include
70% of males & 30% females. A study conducted
by the Hoffmann et al. (2012) observed that out
of 129 study participants, 62 (48%) were males

and 67 (52%) were females. A study conducted by
the Sheshagiri et al. (2016) observed that out of 20
patients participated in study 17weremales& three
were female. A study conducted by the Zeltser and
Leopold (2013) observed that out of total patients
participated in the study, 70% were male & 30%
were female. A study conducted by the Kayath
and Kayathwal (2019) observed that majority of the
casesweremales (84%)while the femaleswere only
a small percentage, i.e. 16%. A study conducted by
the (Jain et al., 2019) observed that males (79.31%)
were predominantly involved in the study.

In our study, 17 (34%) participants were treated
with lateral plate, four (8%) participants treated
with medial plate & 29 (58%) were treated with
medial plate+lateral plate+CC screw.
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Figure 4: Xray images of a case of tibial plateau managed with open reduction and internal
ϐixation with plate Osteosynthesis

A study conducted by the Swarup et al. (2016)
observed that Seven patients were managed with
cancellous screws; sixteen patients underwent open
reduction and ϐixation with plating while plating
supplemented with bone grafting was done in ten
patients. Plating with MIPO technique was per-
formed in twelve patients and an external ϐixa-
tor was applied in four patients. Eight patients
had ϐixation done with dual plating. Conducted
by the Jakinapally et al. (2018) observed that of
the 20 cases, three (15%) were managed with per-
cutaneous cancellous screw ϐixation, seven (35%)
cases were treated by Open reduction internal ϐix-
ation (ORIF) with buttress plate, seven (35%) were
treatedwithORIFwithbuttress plate andbonegraft,
one case (1,5%) managed with ORIF with buttress
plating and recon plate, one case (5%) managed
with ORIFwith buttress plating and cannulated can-
cellous screw ϐixation, one case (5%) managed with
buttress plate and locking compression plate.

It was observed that 11 (22%) participants under-
gone bone grafting while 39 (78%) participants
were without bone grafting. A study conducted by
the Swarup et al. (2016) observed that 10 (16.67%)
patients undergone bone grafting. Conducted by
the Jakinapally et al. (2018) observed that seven
(35%) patients undergone bone grafting along with
ORIF with a buttress plate.

It was observed that out of 50 study participants 16
(32%) patients were having good radiological anal-
ysis score, 22 (44%) study participants were having
fair radiological analysis score and 12 (24%) were
having poor radiological analysis score. A study
conducted by the Kehribar and Karapinar (2019)
observed that in the radiological ϐindings, nine cases
were excellent, 16 were good, six were medium and
two were bad.

Total of 50 patients participated in the study were
analyzed for the postoperative clinical assessment
by the Modiϐied Rasmussen criteria score. It was
observed that all 50 patients participated in the
study were having poor clinical analysis score. A
study conducted by the Kehribar and Karapinar
(2019) observed that as per the clinical ϐindings,
17 cases were excellent, nine were good, six were
medium and one was poor.

All the patients participated in the study under-
gone 6months followup visit for clinical assessment
by Modiϐied Rasmussen criteria. It was observed
that 18 (36%) patients were having excellent clin-
ical analysis score, 28 (56%) were having good
clinical analysis score and four (8%) were having
fair clinical analysis score. A study conducted by
the Jain et al. (2019) observed that mean Modi-
ϐied Rasmussen score was poor in 10.34%, fair in
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12.07, good in 58.62% and excellent in 18.97% of
the patients at 6 months of follow up visit.

A study conducted by the Swarup et al. (2016)
observed that out of 60 study participants ϐinal
end result as per Rasmussen’s criteria was excel-
lent in 37, good in 11, fair in six and poor in six
patients. A study conducted by the Jakinapally et al.
(2018) observed that nine (45%), cases had excel-
lent outcome, seven (35%) cases had a good out-
come, three (15%) cases had fair outcome and one
(5%) case had a poor outcome. A study conducted
by the Zakei et al. (2018) observed that end results
was excellent in 59.3%, good in 37%, and fair in
3.7% of patients participated in the study. A study
conducted by the Jain et al. (2016) observed that
twenty-two patients showed excellent results while
eight patients had good to fair and none with poor
result.

All the patients participated in the study undergone
6months follow up visit for radiological assessment
by Modiϐied Rasmussen criteria. It was observed
that 46 (92%) patients were having excellent radio-
logical analysis score, three (6%) were having good
radiological analysis score and one (2%) were hav-
ing fair radiological analysis score. The radiological
outcomes were determined by Modiϐied Rasmussen
assessment in the study conducted by the Manikan-
dan and Saravanakumar (2019) & observed that
scores were graded as Excellent in 55%, Good in
40%, Fair in 5% and Poor in 0% of patients. A study
conducted by the Sheshagiri et al. (2016) observed
that radiological outcomewas excellent in 15 (75%)
patients followed by the good outcome in 20%
patients and the fair outcome was achieved in just
one patient and none of the patients had a poor out-
come. All the study participants were assessed clin-
ically by Modiϐied Rasmussen criteria during preop-
erative, postoperative, 1 month followup, 3 month
follow up and 6 month follow up visit.

It was observed that clinical analysis of score of all
50 patients during preoperative and postoperative
state was poor & difference observedwas not statis-
tically signiϐicant. Clinical analysis score was good
in six study participants, fair in 32 study participant
& poor in 12 study participants during 1month fol-
low up visit. Clinical analysis score was excellent in
four study participants, good in 35 and fair in 11
study participants during 3 month follow up visit.
6 month follow up visit revealed excellent clinical
analysis score in 18 patients, good in 28 patients
and fair in 11 study participants. Overall there
was improvement in clinical analysis score during 1
month to 6 months follow up visit and the improve-
mentwas statistically signiϐicant. A study conducted

by the Zakei et al. (2018) observed a highly signif-
icant difference between results after 1, 3, and 6
months. A study conducted by the Kayath and Kay-
athwal (2019) observed that out of 50 cases treated
with surgical procedure, 30 cases gave the excellent
result, 16 cases came out with a good result, fair in
three cases and only one case had a poor result Ras-
mussen functional score.

CONCLUSIONS

Tibial plateau fractures were observed to be more
common among males, in 41-50 years of age group
with Road trafϐic accident being the most com-
mon cause. Majority of the fractures were of com-
minuted type and Type V and Type VI fractures
(Schatzker’s classiϐication). Statistically, signiϐicant
improvement was observed while assessing clini-
cal outcome by Modiϐied Rasmussen criteria at 1
month, 3 month & 6 month followup compared to
preoperative & post-operative condition of patients.
Statistically, signiϐicant improvement was observed
while assessing radiological outcome by Modiϐied
Rasmussen criteria during the postoperative period,
at 1month, 3month & 6months followup compared
to the preoperative condition of patients. The func-
tional outcome was favorable in younger age group
& type I & type II fractures. Stiffness of knee joint,
screw impingement & surgical site macerationwere
some of the complications observed and therefore,
careful attention has to be given to overcome these
complications.
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